The Mediterranean hot spot includes numerous endemic and socio-economically important plant species seriously threatened by climate change and habitat loss. In this study, the genetic diversity of five populations of Cicer graecum, an endangered endemic species from Northern Peloponnisos, Greece and a wild relative of the cultivated Cicer arietinum, was investigated using Inter Simple Sequence Repeats (ISSR) and Amplified Fragment Length Polymorphism (AFLP) markers in order to determine levels and structure of genetic variability. Nei's gene diversity by ISSR and AFLP markers indicated medium to high genetic diversity at the population level. Moreover, AMOVA results suggest that most of the variation exists within (93% for AFLPs and 65% for ISSRs), rather than among populations. Furthermore, Principal Component Analysis based on ISSRs positively correlated the genetic differentiation among the populations to the geographic distances, suggesting that the gene flow among distant populations is limited. The ecological adaptation of C. graecum populations was also investigated by correlation of their genetic diversity with certain environmental variables. Aridity arose as the dominant factor positively affecting the genetic diversity of C. graecum populations. We modeled the realized climatic niche of C. graecum in an ensemble forecasting scheme under three different global circulation models and two climate change scenarios. In all cases, a severe range contraction for C. graecum is projected, highlighting the high extinction risk that is probably going to face during the coming decades. These results could be a valuable tool towards the implementation of an integrated in situ and ex situ conservation scheme approach for activating management programs for this endemic and threatened species.
Our primary goal in this study was to reveal the genetic diversity of the narrow endemic C. graecum populations in northern Peloponnisos. Additionally, the relation of genetic diversity with population size was also detected. Several studies have demonstrated that DNA-based molecular markers are valuable tools to unravel the genetic diversity of endemic natural populations (Breinholt et al. 2009; Rameshkumar et al. 2019) .
For that purpose, a combination of ISSR and AFLP markers was employed to 97 individuals belonging to five populations. The possible genetic structure of C. graecum and its correlation to isolation by distance were also investigated. Furthermore, we used species distribution modeling in order to predict present and future habitat suitability for the species, using distribution data and several environmental variables, in order to estimate its potential extinction risk due to climate change and to develop an effective management and conservation scheme.
Materials and Methods

Plant sampling and DNA extraction
We visited all known localities at the entire distribution range of C. graecum, based on the available herbarium specimens and the results of previous field work. We were able to locate five of the seven known populations ( Table 1, Fig. 1 ) and leaves of individual plants (about 20 from each population) were collected.
Populations from Mt. Kyllini have the code K1 and K2 while populations from Mt. Chelmos have the code C1, C2 and C3. Isolation of DNA from leaves was performed with the CTAB method (Doyle 1991). The DNA concentration was estimated by standard spectrophotometric method at 260 nm UV lengths by an Eppendorf BioPhotometer and the integrity by gel electrophoresis in a 0.8% agarose gel. Samples were then diluted to 20 ng/μL work concentrations.
ISSR procedure
PCR for ISSR analysis was performed in a total volume of 25 μL, containing 20 ng total genomic DNA, 200 mM of each dNTP, 2 mM MgCl2, 40 pmol of primers, 2.5 μLTaq DNA polymerase buffer, and 1U Kapa Taq polymerase (KAPA Biosystems, Wilmington, Massachusetts, USA).
To study ISSRs, seven oligonucleotide primers complementary to simple sequence repeats (UBC807, UBC811, UBC826, UBC818, UBC841, UBC850, UBC880) were used for PCR amplification. Binary data points denote the presence/absence of each distinguishable band across all samples for the same primer in both replicate sets of amplifications. PCR amplifications were performed in an Eppendorf Mastercycler EP Thermal Cycler Range as follows: an initial step of 5 min at 94 °C, followed by 35 cycles of 30 s at 94 °C, for denaturation, 90 s at 45-60 °C (depending on the primer used) for annealing, and 90 s at 72 °C, for elongation.
A 5-min step at 72 °C was programmed as the final extension. Amplification products were separated by electrophoresis on 1.5% agarose gel and stained with ethidium bromide. A 2-log DNA ladder (New England Biolabs) was used as a size marker. Gel images were placed in a UVItecTransilluminator (UVItec Limited, Cambridge, UK) and analyzed using UVIDoc software UVIDocMw version 99.04 (UVItec Limited).
A c c e p t e d M a n u s c r i p t
AFLP procedure
For the AFLP procedure total genomic DNA (200 ng) was digested with 4 U of EcoRI and MseI for 3 h at 37°C. Digested DNA fragments and EcoRI and MseI adapters were ligated with T4 DNA ligase (New England Biolabs) for 3 h at 26°C. The resulting DNA was used as the primary template DNA in the AFLP analysis. A primer pair based on the sequences of the EcoRI and MseI adapters (Table 2) with one additional selective nucleotide at the 3´end (EcoRI+A andMseI+C) was used for the first PCR step (pre-amplification).
Pre-amplification PCR was performed in a total volume of 20μl containing 1X Kapa Taq Buffer, 0.2mM of each dNTP, 2.5 mM MgCl2, 30 ng of each primer EcoRI+A, MseI+C, 1U Taq DNA polymerase (Kapa Biosystems) and 5 μl of diluted fragments (from the digestion and ligation reaction). Cycling was carried out on a BioRad thermocycler with a 95°C hold for 30 sec followed by 32 cycles of 95 °C for 30 sec, 56 °C for 30 s and 72 °C for 1 min and subsequently followed by a final hold at 72 °C for 10 min. A 5 μl aliquot of the reaction was electrophoresed on agarose to verify amplification; the remaining 15 μl was diluted 5-fold with TE. Selective amplifications were carried out in 10-μl total volumes consisting of 3μl of diluted pre-selective template and using the same reaction conditions as for pre-selective amplification, but using 30 ng of an MseI primer and 5 ng of an EcoRI primer per reaction. Selective amplification cycling was performed on a BioRad thermocycler with the following program: an initial cycle of 95 °C for 30sec, 65 °C for 30 sec, 72 °C for 1 min; then twelve cycles of 95 °C for 30 sec with an annealing temp starting at 65 °C for 30 sec, but decreasing by 0.75°C each cycle, 72 °C for 1 min; finally, 23 cycles of 94 °C for 30 sec, 56 °C for 30 sec, 72 °C for 1 min, with a final hold at 72 °C for 30 min. Pre-selective and selective primers for the AFLP procedure are described in Table 2 . Replicate analyses were conducted once employing the same DNA extractions. f-AFLP product mixtures were denatured in formamide at 94°C for 2 min and electrophoretically separated using an ABI Prism 3730xl automated fluorescence sequencer (Applied Biosystems). Four primer combinations were screened for AFLP analysis, genotypes were scored for the presence or absence of given fragments. The size of detected fragments was determined by the Genemapper v4.0 program using an internal standard (GS 500 LIZ, Applied Biosystems). Fragments ranging from 150 to 500 bases in size were counted and further analyzed in order to reduce the impact of potential size homoplasy (Vekemans et al. 2002) .
Structure analysis
For ISSR and AFLP markers, possible population structure was investigated using a model based Bayesian procedure implemented in the software STRUCTURE v2. 3.4 (Pritchard et al. 2000) . The analysis was carried out using a burning period of 100,000 iterations and a run length of 100,000 MCMC replications. We tested a continuous series of K, from 1 to 8, in 5 independent runs. We did not introduce prior knowledge about the population of origin, and assumed correlated allele frequencies and admixture (Falush et al. 2003 A c c e p t e d M a n u s c r i p t
Data analysis
ISSRs and AFLPs are dominant markers, each band representing the phenotype at a single biallelic locus.
Only bands that could be unambiguously scored were used in the analysis. ISSR and AFLP-amplified bands were scored for band presence (1) or absence (0), and two binary qualitative data matrices were formed.
Analysis of the ISSR and AFLP data was done with POPGENE version 1.32 (Yeh et al. 2000) , using the option for dominant diploid markers. GenAlEx 6.502b (Peakall and Smouse 2006 ) was used to determine genetic structure at hierarchical levels (AMOVA), to reveal band patterns and frequencies, and to plot grouping of individuals in the principal coordinates analysis (PCoA).
A cluster analysis using an unweighted pair-group method with arithmetic averaging (UPGMA) (Sneath and Sokal 1975) was performed using the POPGENE 1.32 software (Yeh et al. 2000) . The individual contributions of aspect and sites on genotypic variability were assessed under the AMOVA framework using GenALEx ver.6.5b5 (Peakall and Smouse 2006) , with sites nested within aspect. Tests for statistical significance were based on 9999 random permutations, followed by sequential Bonferroni correction.
We generated a Moran's spatial correlogram with 'fossil' 0.3.7 (Vavrek 2010) and 'vegan' 2.5.2 (Oksanen et al. 2018) packages, to check whether there is any spatial correlation between the genetic distances of the population, based on both ISSRs and AFLPs markers and on their geographical distance.
Species Occurrence Data
In order to avoid pseudo-replication and associated spatial sampling biases, we selected occurrences with a minimum distance from each other (250 m). We removed the fewest records necessary to substantially reduce the effects of sampling bias, while simultaneously retaining the greatest amount of useful information. This sub-sampling reduces the spatial aggregation of records to prevent that SDMs reflect a possible over-representation of environmental conditions associated with regions of higher sampling, which hinder interpretation and application of models (Elith et al. 2010; Aiello-Lammens et al. 2015) . This data cleaning and organizing procedure followed the protocols as set out in (Robertson et al. 2016 ) and we used the 'biogeo' 1.0 (Robertson et al. 2016) and 'spThin' 0.1.0 (Aiello-Lammens et al. 2015) packages. We also evaluated whether any geographical sampling bias existed in our species occurrence data by comparing the statistical distance distribution observed in our dataset to a simulated distribution expected under random sampling via the 'sampbias' 0.1.1 (https://github.com/azizka/sampling_analyses2.0/tree/master) package.
Environmental data
We obtained current climatic data (19 bioclimatic variables) from the WorldClim database (Hijmans et al. 
Species distribution models and risk assessment
Model parameterization and evaluation
We modeled the realized climatic niche of C. graecum by combining the available occurrence data with current ). Since C. graecum is a rare species with very few known localities, we followed the ensemble of small models (ESM) framework (Breiner et al. 2015) , which is suitable for modeling rare species (Breiner et al. 2015; Breiner et al. 2017; Breiner et al. 2018) . As the algorithms we used require presence/absence (PA) data, we generated PAs following the recommendations of ( Barbet-Massin et al. 2012) and pseudo-absences were generated at a minimum distance of 5.7 km from present locations to reduce the probability of false absences. We chose that minimum distance due to the median autocorrelation of 5.6 km among the non-collinear environmental variables, which we computed with 'blockCV' 1.0.0 (Valavi et al. 2019) package. PA generation and model calibration was repeated 100 times to ensure that the selected pseudo-absences did not bias the final predictions. We calibrated ESMs by fitting numerous bivariate models, which were then averaged into an ensemble model using weights based on model performances. For all models, the weighted sum of presences was equal to that of the PAs. The predictive performance of the models was evaluated via the True Skill Statistic (TSS -(Allouche et al. 2006)), based on a repeated (10 times) split-sampling approach in which models were calibrated with 80% of the data and evaluated over the remaining 20%. We used null model significance testing (Raes and ter Steege 2007) to evaluate the performance of our model and estimated the probability that each model performed better than 100 null models.
Our model outperformed the null expectation at P < 0.001.
Model projections
Calibrated models were used to project the suitable area for our species in the study area under current and future conditions through an ensemble forecast approach (Araujo and New 2007). The contribution of each model to the ensemble forecast was weighted according to its TSS score. To avoid working with poorly calibrated models those with a TSS score < 0.8 were excluded from building projections. Note that while model A c c e p t e d M a n u s c r i p t evaluation was carried out using the data-splitting procedure mentioned above, the final models used for spatial projections were calibrated using 100% of the data, thus allowing taking advantage of all available data. Binary transformations were carried out using the value maximizing the TSS score as the threshold for distinguishing presence and absence predictions. As a conservative approach, the suitability of all cells showing variable values not experienced during the model training (values greater than zero in the clamping mask) was set to zero (Elith et al. 2010) . We subsequently applied a mask representing urban and suburban areas to avoid projections at locations that are unsuitable regardless of the prevailing environmental conditions.
Area range change
To assess whether C. graecum will experience range contraction or expansion under future conditions, we used functions from the 'biomod' 3.3.7 (Thuiller et al. 2009) package. Species were not assumed to have unlimited dispersal capability, since this assumption could be overoptimistic.
Correlation of genetic diversity with environmental factors
In order to explore the effect of key environmental variables on the genetic diversity of our study species, we applied a best subset regression analysis with H index (ISSRs) as the response variable. We used Akaike's Information Criterion (AIC) to identify the minimum adequate models. This process also allowed calculating the relative importance of each explanatory variable, which captured the percentage of variation explained by each factor when the other factors were held constant.
The predictor variables that were not collinear (Spearmann's rank correlation < 0.7) and thus included in the analysis, were temperature seasonality, aridity, soil organic carbon content and weight percentage of the Most of the predictor variables had frequency distributions that were strongly positively skewed. Hence, the variables were log10-transformed to normalize their distribution so that they could be compared with bivariate and multivariate regression methods without heteroscedastic biases and improve the linearity of the relationships in the regression models. A goodness-of-fit test (Shapiro-Wilk and Kolmogorov-Smirnov with 95% level of confidence) to a normal distribution was used to confirm that each transformed variable was successfully transformed to an approximately normal distribution.
By fitting the full model, the total adjusted coefficient of multiple determinations (R2adj) was assessed.
All analyses were carried out in the R 3.4.2 (R Development Core Team 2017) using core functions and functions from the 'leaps' 3.0 (Lumley 2017) package.
IUCN measures
We calculated the standard IUCN measures EOO and AOO and we assigned C. graecum to a preliminary 
Results
Genetic diversity based on ISSRs
The population in the present study was identified and collected at the Mt Kyllini (K) and Mt Chelmos © in Peloponissos based on previous field work. We scored 145 loci of which 100% were polymorphic at the species level with a mean of 64.28% at the population level and a range of 59.31% in C. graecum population K1 and 68.97% in C1 (Table 3 ). There was one private allele found in C2, C3 and K1 populations, 6 found only in C1 population and 7 found only in K2 population. The value of Shannon's Information Index (I) showed similar trends and ranged from 0.287 to 0.345 in populations K1 and C1, respectively (mean I = 0.288). Nei's (1978) gene diversity at the population level ranged from 0.188 (population K1) to 0.228 (population K2) with an average value of 0.205. Results showed that the gene diversity of C. graecum from the C1 population was the richest among the five populations. The K1 population presented the poorest gene diversity. The gene diversity of the total sample was relatively high (P = 100%, I = 0.313, GD = 0.205; Table 3 ).
According to the inter-population AMOVA analysis of the ISSR markers, there were highly significant (P <0.001) genetic differences among the five C. graecum populations. The 35% of the total gene diversity was attributed to among-population differentiation. Thus, AMOVA (Φst = 0.354) also supports the results of Nei's (1978) gene diversity statistics and Shannon's Information Index, indicating genetic differentiation among populations (Table 4 ).
Relatedness among populations was illustrated by a dendrogram using the UPGMA algorithm based on Nei's (1978) distance ( Fig. 2A ). An ISSR data-based dendrogram grouped the five populations into two main clusters (Fig. 2) . The C1, C2, C3 and K1 populations formed a cluster and K2 another one. However, in the first cluster, two sub-clusters were formed with C1, C2 and C3 population in one and K1 in the other. Furthermore, PCoA (Fig. 3 ) results illustrated two major clusters, which was congruent to the UPGMA dendrogram ( Fig. 2) and correlated with the geographical origin of the populations (Table 1 ). The first two principal coordinates accounted for 63.47% of the total variation (Fig. 3A) .
The Mantel test for the five populations studied revealed a significant correlation between the geographic and the genetic distance (r=0.798, p<0.001).
Genetic diversity based on AFLPs
With four primer combinations, the AFLP analysis yielded a total of 610 AFLP loci among the five C. graecum populations. Of these loci 263 (43.21%) were polymorphic and used for subsequent analysis. Number private bands ranged from 13 (C2) to 66 (C3). Mean Shannon Information Index (I) had an average value of 0.193 and unbiased genetic diversity ranged from 0.120 for population C1 to 0.148 for population K2 (Table 3) . Furthermore, results from AMOVA (Φst=0,073) showed that the majority of the variation was found within populations (93%), rather than among populations (7%) ( Table 4) . From PCoA results, the first two axes accounted for more than 75% cumulatively of the total amount of variation and all populations grouped separately (Fig. 3B ).
An UPGMA tree was constructed and grouped populations based on Nei's (1978) distance (Fig. 2B) differently from ISSR results. The dendrogram contained two sub-clusters one with C1 and C2 and one with C3 and K1 and a separate cluster for K2. The Mantel test revealed non-significant correlation between the geographic and the genetic distance based on AFLPs.
Population structure based on ISSRs and AFLPs
STRUCTURE analysis with ISSR markers was performed without prior information on the geographic origin of samples, and the highest likelihood of the data was obtained for K = 5. The data set was partitioned into clusters or gene pools corresponding roughly to geography: individuals from C1, C2, C3, K1, and K2 tended to be classified in separate clusters. Low levels of admixture were observed in four populations. A moderate level of admixture was detected in the C2 population (Fig. 4A) . Contrariwise, when STRUCTURE analysis performed with AFLP markers, the highest likelihood of the data was obtained for K = 2. High levels of admixture were observed in five populations (Fig. 4B ).
Environmental factors affecting genetic diversity
We investigated whether certain environmental factors might affect the ecological adaptation of C. graecum populations. Our predictive model explains 99% (p<0.001) of C. graecum population diversity (Table   5 ). Aridity arises as the most important environmental variable, positively correlated with genetic diversity.
Temperature seasonality and weight percentage of the clay particles were also retained in the optimal model for the H index (Table 5) , with aridity being the most important variable (Table 5 ). Soil organic carbon content did not emerge as a significant factor in this type of analysis.
Species distribution modeling and risk assessment
The ensemble of small models (ESM) framework predictions was very good, with sufficient predictive power (TSS ≥ 0.99 for all algorithms and the ensemble prediction). Among the eight studied variables, soil organic carbon content had the highest contribution among the response variables, followed by the temperature annual range and precipitation of the wettest month. The resulting habitat suitability map (Fig. 5A ) was converted into a binary map and then compared to the binary maps obtained for each Global Circulation Model (GCM), Representative Concentration Pathway (RCP) scenario and time-period. Since the trends for the future potential distribution of C. graecum were largely identical across GCMs, RCPs and time-periods, we present only the area-range change for 2050 time-period and the CCSM4 GCM and the RCP 2.6 scenario. Our results indicate that by 2050 C. graecum will experience a severe range contraction, with no variation across GCMs, scenarios and time periods (100.0% - Fig. 5B ).
According to the IUCN Criterion B, C. graecum is considered as Endangered, with an Area of Occupancy equaling to 16 km 2 and an Extent of Occurrence of 143.3 km 2 . The risk assessment status of C. graecum could be greatly deteriorated, since under any GCM and RCP included in our analyses, it is projected to become extinct. In the present study the genetic diversity of C. graecum, a perennial, endemic, endangered species with narrow geographical distribution was assessed by using the dominant molecular markers AFLPs and ISSRs.
According to our results, a similar overall trend for the genetic diversity and population structure was detected by the two marker systems used. However, higher genetic diversity and genetic differentiation was detected by ISSRs compared to AFLPs. Furthermore, the ISSRs clearly clustered the populations from Chelmos together, which is more reliable than the outcome of AFLPs clusters. The aforementioned discrepancies that were found by analyzing the genetic diversity of the five populations with two marker systems are suggesting that marker specificity affects the manner of polymorphism. Similar results have been also reported by other studies when multiple markers were used to detect genetic structure (Zhao et al. 2012 ; Roy et al. 2015) . Nevertheless, different techniques that calculate the intra-and inter-population variation, give comparable results in general (Constandinou et al. 2018) . Many studies, which compared the use of various marker systems in the genetic study of locally restricted endemic species, highlighted the informativeness and efficiency of ISSRs (Ci et al.
2008; El-Bakatoushi and Ahmed 2018).
The genetic diversity of C. graecum populations based on Nei's indices was lower than expected in outcrossing species (h = 0.27), but higher than the ones obtained from self-pollinating species (h = 0.12) ( Nybom 2004). In this respect, C. graecum is closer to self-pollinating species based on AFLPs (0.13), but closer to mixed reproductive (h=0.18) and endemic species (0.20) (Nybom 2004) based on ISSRs (0.21). There is no information on the mating system of C. graecum. Generally, the Cicer spp. are predominantly self-pollinated, but outcrossing by insects also occurs (Sharma et al. 2013) .
As a general rule, narrow distributed endemic species typically display lower genetic variation compared to widespread taxa, due to their small size, genetic drift and limited gene flow (Spielman et al. 2004) . However, some studies have pointed out high genetic diversity of rare or endemic species (Qian et al. 2013) . Moreover, the genetic diversity of endemic species in comparison with their widespread congeners has been investigated in various studies with contradictory results (Dettori et al. 2016) . In some cases, the endemic taxa had lower genetic diversity compared to their congeners and in others higher or similar (Dettori et al. 2016 ). In the present study, C. graecum had higher percentage of polymorphism and genetic diversity at species level (Table 6) compared to other annual (such as, C. reticulatum, C. echinospermum, C. bijugum, C. juidaicum) and perennial (such as, C. anatolicum, C. macranthum, C. oxyodon) Cicer species with broader geographical distribution based on AFLPs and ISSRs (Nguyen et al. 2004; Sudupak 2004; Andeden et al. 2013) . This moderate to high genetic diversity may suggest that its current populations have originated from larger and more contiguous populations that existed in the past (Colling et al. 2010; Jiménez et al. 2017 ). Furthermore, its perennial life cycle could enable it to accumulate mutants in different populations due environmental processes.
According to the AMOVA, most of the variation was found within (93% for AFLPs and 65% for ISSRs), rather than among populations. The high percentage of total variation within the populations indicates that C. graecum is probably not exclusively self-pollinated. Genetic differentiation among the studied populations was detected by both marker systems. However, this differentiation was much higher based on ISSRs compared to AFLPs. The Φst value of C. graecum based on the ISSRs (0.35) is close to the Φst values for short-lived perennials (0.39) and narrowly distributed species (0.34), and higher than those for species with mixed mating The intra-inter population genetic diversity is shaped by the equilibrium among multiple factors, such as genetic drift, gene flow, mutation and selection (Loveless and Hamrick 1984) . This equilibrium depends on biological factors, such as the mating system and life form of the plant species (Hamrick and Godt 1996) but also is affected by both abiotic and biotic environmental factors (Odat et al. 2004 ).
Furthermore, the genetic differentiation among the populations was positively correlated to the geographic distances based on ISSRs, indicating that the gene flow among distant populations is limited. This is probably the result of geographic isolation, which prevents the gene flow via pollen and/or seeds. In this respect, the results of UPGMA and PCoA reveal clear geographic trends among the populations. In particular, the populations from Mt.Chelmos are clearly grouped together while the K1 population from Mt. Kyllini seems closer to Mt. Chelmos' populations than to K2. However, the clustering was slightly different when conducting an AFLP-data clustering method. While PCoA formed a group for all populations from Chelmos and one group for all populations from Kyllini, results from UPGMA analysis was slightly different and inconclusive.
Differences in clustering of the population studied based on different marker system are common in literature (Muminović et al. 2005; Sarwat et al. 2008) , as each marker system is designed to sample different region of the genome (Mueller and Wolfenbanger, 1999) . In spite of this, in future studies more AFLP primers combinations should be used in order to have more available fragments for subsequent analysis.
Possible admixture in these populations was assessed by STRUCTURE, which revealed that each population studied corresponded to a unique gene cluster. STRUCTURE results further verified UPGMA and PCoA results and showed that most individuals clustered into distinct population-specific groups. Overall, STRUCTURE suggested a low level of population admixture in these populations.
Among the populations studied, C1 and K2 had the higher genetic diversity compared to the others based on both markers. Furthermore, it is noteworthy that C1 and K2 populations showed the highest numbers of private bands (6 and 7 respectively). This result suggests that C1 and K2 populations did not face recent bottlenecks (Breinholt et al. 2009 ). Both of them grew at woodland openings, at lower elevation than the others and finally they are the most isolated by the distance (Fig 1, Table 1 ). Interestingly, C1 and K2 form the largest (more than 200 individuals) and the smallest (16 individuals) population respectively. The general assumption is that the genetic diversity can be reduced in small populations due to bottlenecks, genetic drift and/or founder effects (Young et al. 1996; Lowe et al. 2004) . It seems that the population size did not influence the genetic diversity of C. graecum in the present study. These results are in agreement with other studies in which there was no correlation between population size and genetic diversity (Tero et al. 2003; Kang et al. 2005; Ci et al. 2008 ). On the other hand, the C2 and C3 which were present in a highly disturbed habitat had the lowest genetic diversity compared to the others. The low diversity probably suggests that the C2 and C3 populations have been established by a recent founder event, a similar response to environmental stress and/or the survival of the most resilient individuals, which is further supported by the occurrence of a single private band.
Patterns of population genetic structure, even in small spatial scales, are often due to environmental factors (Huang et al. 2016) . Stressful abiotic conditions, in particular, can promote adaptive changes, thus increasing genetic diversity (Hoffmann and Hercus 2000) . In the present study, aridity was determined as the dominant environmental variable that positively affects population diversity of C. graecum. Its effect is also reflected in the increased genetic diversity of lowland populations of C. graecum. As the dry areas of Central and Southwest Asia are the diversity centers of the genus Cicer (van der Maessen 1972), phylogenetic niche conservatism has 
Distribution under climate change
Our results highlight the role of soil and climate variables in shaping the distribution of C. graecum and forecast an especially uncertain future for this rare endemic. It is likely that C. graecum is going to experience a severe range contraction, as suggested by the 100% reduction of suitable habitats across all GCMs, scenarios and time periods. This result for a locally restricted endemic species constitutes an especially high extinction risk. Climate change has already affected plant species distribution in many parts of the world, and
Mediterranean mountains have been identified as the most sensitive regions in Europe with a projected species loss of 62% by 2080 (Thuiller et al. 2009 ). As Mediterranean mountains host a large number of endemic plants, it is likely that we are going to face a wave of mass extinction of mountain plant species over the coming decades. Whether the high genetic diversity of certain endemic species, like C. graecum, may ultimately favor adaptability and persistence remains largely uncertain. Species survival will depend on factors like genetic makeup, fitness, habitat fragmentation and dispersal ability. Seeds of C. graecum lack any obvious adaptation for long distance dispersal and barochory is likely the major dispersal mode. However, seed dispersal by grazing mammals that consume the seeds along with the foliage cannot be ruled out (Janzen 1984), although the viability of C. graecum seeds during passage through livestock is unknown. The projected lack of suitable habitats within the distribution range of C. graecum by 2050 together with its low dispersal rates that probably could not keep pace with fast rates of environmental change (Engler et al. 2009 ), make the long term survival of this species in its natural habitat especially uncertain.
Conservation implications
C. graecum has been considered an endangered (EN) species by several studies (Economou and Maxted 2011; Bilz et al. 2017 ) along with the present study. Furthermore, it is projected to experience a severe range contraction (~100%) by 2050, while there is no seed accession from this species deposited in any Greek or international germplasm collections. A combination of both in situ and ex situ conservation actions is necessary to safeguard species survival. Our results on the genetic diversity allocation across the natural populations of C. graecum could be a valuable tool towards the implementation of an effective in situ conservation scheme for this species. Furthermore, they could effectively guide future germplasm collection efforts to maximize the efficacy of the ex situ conservation actions. C1 and K2 populations should have priority in future conservation plans, since they maintain a high genetic diversity (Table 3 ) and belong to different clusters (Fig. 2) . The ex situ M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t Table 5 . Summary statistics for the predictive model of H index with Aridity, Temperature seasonality (TS) and
Weight percentage of clay particle (WPC) as proposed by the best subset regression. All predictor variables were log10-transformed. The adjusted R2 (total variance explained by each model), the p-value, Akaike's Information Criterion (AIC), the estimate (Est.), the significance (p), the Bonferroni-corrected p-values (pBon), as well as the relative importance (rw) of each significant predictor of the best subset regression are reported. A c c e p t e d M a n u s c r i p t 
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